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Introduction
Property and land holdings represent the largest single source of wealth in New Zealand (Statistics New Zealand, 2002) . In contrast to most other Organisation for Economic Cooperation and Development countries, New Zealand has a small population, roughly 4 million, and a large quantity of productive land, with about 15 million hectares used in agriculture, horticulture, and forestry (Sandrey and Reynolds, 1990) . 1 Rural production is New Zealand's largest industry, with exported goods, including processed products, contributing over 60% of total export earnings. New uses for rural land, which can turn worthless land into a valuable asset, are arising all the time. We find that the real value of rural land in all uses increased substantially over the years examined, with land uses that were initially the least valued (commercial forestry, intensive and extensive pastoral, and arable) increasing the most (240-300%), but with even the highest valued uses (urban, horticulture, pig/chicken, and lifestyle) increasing by 125-165%.
Land use in rural areas also changed considerably during this period, with large increases in the percentage of land used for deer/horse, pig/chicken, and commercial forestry uses, smaller increases in land used for lifestyle and dairy uses, and a moderate decline in land used for intensive and extensive pastoral, arable, horticulture, and urban uses (residential, commercial and industrial properties combined). Perhaps surprisingly, these changes in land use were essentially uncorrelated with changes in land values. For example, a decomposition
shows that only 2% of the approximately 235% increase in overall land values is explained by changes in land use.
Our regression results indicate that rural land values increased the most in less populated areas with good climates and local amenities. Initial land use also plays an important role in explaining the variation in changes in rural land values with greater increases in land values found in areas with more land initially devoted to urban uses and commercial forestry, and less land initially devoted to horticulture and lifestyle uses. On the other hand, land use changed to increasingly higher value uses in areas with higher population density, good amenities, and increasing population density. Overall, the characteristics of local areas explain 15% of the change in rural land values and 8% of the change in rural land use during the period under investigation.
Background
New Zealand underwent economy-wide reforms in the 1980s and early 1990s and is now one
of the most open countries in the Organisation for Economic Co-operation and Development (Evans et al, 1996) . As part of these reforms, a complex system of agricultural subsidies and controls aimed at protecting pastoral farming was dismantled and the state-owned plantation forestry estate was sold. Before the dismantling of this system, the value of these subsidies and controls was capitalised into the value of rural land (Johnson, 1989) . The removal of subsidies, which began in 1984, led to a 50% decline in the real value of agricultural land over a short period. This impact was compounded by the post-reform appreciation of the now floating New Zealand dollar and by a major drought in 1988/89. Even by 1995, farmland values had recovered to only around 85% of their pre-reform real value (New Zealand.
Ministry of Agriculture and Forestry, 1996) .
Reform also led to large changes in land use in rural areas. There was a large diversification of production, with an expansion of high value horticultural production and plantation forestry, and a contraction of traditional agricultural uses of sheep and beef farming (Bradshaw, 1998) . Marginal farmland, cleared through land development subsidies, was abandoned to revert back to indigenous forest. 2 Tourism also became a larger share of rural economic activity and the number of small lifestyle farm blocks increased.
Almost all privately owned land in New Zealand is held under the land title system of the Land Transfer Act 1952. All property rights are derived from the Crown and title to land in private ownership is a matter of public record. Restrictions on resource and land use are determined at the local government level. Before 1991, the management of natural and physical resources was subject to more than 20 separate statutes, sometimes invoking contradictory rules and thought to have a poor effect on the environment and to hinder development. The Resource Management Act 1991 was brought in to replace these statutes, shifting local government controls away from zoning and toward a sustainable management approach. With the Resource Management Act, emphasis was placed on the consequences of resource use and full community involvement in decision making.
2 About 1.5 million hectares of pasture became regarded as marginal or uneconomic land for continued agricultural production (New Zealand. Ministry of Agriculture and Forestry, 1996) .
Data
Quotable Value New Zealand Database
The primary data source used in this paper is a comprehensive property valuation database pastoral, and commercial forestry. We refer to these groups in the remainder of our analysis.
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7 Property level data is not made available because of confidentiality and privacy reasons. Thus, there is a changing composition of properties over time when following each MB longitudinally. 8 The groups are 1989-1991, 1992-1994, 1995-1997, 1998-2000, and 2001-2003 . These are arbitrary in the sense that any grouping of three consecutive years will contain new valuations for all MBs in New Zealand. In practice, properties in the same MB can be valued in different years and, as discussed in footnote 4, can have multiple valuations in the same three-year cycle. In these cases, values are aggregated in constant dollar terms for the most recent valuation in that cycle and are assigned to the year in which most of the valuations occurred. Our regression analysis controls for the actual year property valuations were undertaken in each MB to control for arbitrary grouping effects. 9 Land values pertain only to the physical land, while improved values pertain to buildings and other additions to the physical land. Total land area is also available from SNZ for each MB. There appears to be a significant measurement error in the land area data collected by QVNZ. We rely on SNZ measured land area in most of our analysis and use the QVNZ data only when necessary. 10 These are a combination of the 1-digit and 2-digit categories used by QVNZ to assign a land type to each property in its database. Further disaggregated categories exist and are potentially available for certain land types. Properties are assigned to a land type based on the highest and best use, or the use for which the property would be sold based on current economic conditions. 11 The main horticulture crops grown in 2002 were kiwifruit, wine grapes, and apples, with avocados and olives becoming increasingly important. Most extensive pastoral land is dedicated to grazing sheep, beef cattle, and dairy cattle. Other animals farmed include goats, ostriches, emus, and alpacas, which are typically raised on similar land as pigs and poultry.
Land types are aggregated if they encompass a land use that is similar both ecologically and in value. We subtract non-tradable/non-land land from the overall totals for each MB and drop this land type from all analyses.
Defining Rural Land Areas
SNZ officially defines an urban area as a concentrated urban or semi-urban settlement centred on a city, major urban centre, large regional centre, or smaller town with at least 1,000 people. Rural centres are also defined as rural settlements or townships with a population of 300-999. The remaining areas are classified as rural. This is a quite narrow classification of rural areas and an inspection of the data shows that many MBs classified as urban by SNZ have a majority of properties used for agricultural or other 'rural' uses. Instead of relying on the SNZ classification, we decided to define rural areas for the purpose of this paper using a variety of data sources with the goal of capturing all areas with a significant amount of 'rural' activity. of land uses by value is stable across the entire period, with urban by far the highest value use 15 As discussed previously, there appears to be a serious measurement error in the land area data collected by QVNZ. However, for our use, we need only the relative land area in each land type and not the overall level to be accurate. We assume this to be the case, but have no direct way of testing whether this is true. 16 The geometric mean is the exponent of the mean of log values. This reduces the impact of large outliers in the data and is an alternative to using the median value. A three-year moving average (e.g. for year X, the displayed results are the mean of the results for year X-1, X, and X+1) is used because only a non-random one-third of all MBs have valuations in each year. Island are included in our analysis sample.
Defining Additional Variables
We also incorporate into our analysis data from multiple sources on the productive characteristics of the land, the local climate, and various local amenities. We briefly describe here how these variables are created. All variables are calculated at the MB level, which in most cases involves translating geographic information system (GIS) spatial data. The SNZ 2001 MB level 2 digital boundaries database is used to calculate the centroid (geometric centre) for each rural MB and most variables are then calculated at the MB-level as the value of the variable at the centroid. All variables discussed in this section are measured only once during the sample period.
We use five climate layers provided by the National Institute of Water and Atmospheric
Research to calculate climate variables at the MB-level using the centroid method. The five layers are median annual rainfall, median annual air temperature, median length of frost-free period, median annual sunshine hours, and median annual days of soil moisture deficit during a calendar year for 1971-2000. 17 We calculate the distance to eight amenities recorded in Land Information New Zealand's New Zealand Geographic Place Names Database in April 2004, including the nearest airport, beach, lake, port, large town, train station, school, and ski area. 18 Here, we measure distance by a straight line from the MB centroid to the nearest highway, then travel along the highway until the nearest point on a straight line to the amenity, and a straight line from that point to the amenity. We calculate the percentage of slightly more valuable land, land that is more likely to be used for horticulture, lifestyle, and commercial forestry uses, land that is less likely to be used for intensive pastoral uses, and slightly different productive and amenity characteristics. Overall, there is no clear pattern to the differences between the excluded MBs and the analysis sample, making it difficult to know whether we should be concerned about the representativeness of our main results.
Results
Changes in Land Values and Land Use
In this section we describe how land values and land use have changed in our subset of rural The remaining land uses (horticulture, arable, and intensive and extensive pastoral) have seen balanced churning with an equal number of new MBs starting to have these types of land use as old MBs no longer having them. These land uses can be broken down into two groups. In the first group, MBs that stopped having intensive and extensive pastoral land use had pastoral lands worth more than the average pastoral land in continuously farmed MBs, but MBs that started having pastoral land use also have pastoral lands worth more than the average pastoral land in continuously farmed MBs. This suggests there was some change in the type of land that made good quality pasture land over the period. In the second group, MBs that stopped having horticulture and arable land uses had slightly lower value land in these uses than the continuing MBs, and MBs that started having these land uses had approximatley 15% lower value land in these uses than the continuing MBs. Table 5 summarises changes in land values and changes in overall land use intensity.
The first two columns display, for each land type, the average log value in each cycle for all rural MBs that have that land use in both cycles. The third column displays the percent change in the value of land in this fixed set of MBs and the fourth the number of MBs used in this analysis. The fifth and six columns display the overall percentage of rural land devoted to each land use, and the seventh column the percent change in each land use.
The real value of land in all uses has increased substantially over the years being examined. The land uses that were initially the least valued (commercial forestry, intensive and extensive pastoral, and arable) increased the most (240-300%), but even the highest valued land uses (urban, horticulture, pig/chicken, and lifestyle) increased by 125-165%.
Land use also changed considerably during this period, but was essentially uncorrelated with changes in land values. 22 There was a large increase in the percentage of rural land used for deer/horse, pig/chicken, and commercial forestry uses, a smaller increase in land used for lifestyle and dairy uses, and a moderate decline in land used for intensive and extensive pastoral, arable, horticulture, and urban uses. We find no evidence of a shift to higher value land uses. 
Regression Analysis of Changing Land Values
In this section, we report results from estimating hedonic regression models that allow us to The hedonic regression models estimated in this paper take the form: (<25%) and a lot of (>=25%) ownership, cadastral location linearly, and all other variables as the percentage of land in a particular category with one reference category excluded. 24 The following variables are included in the X ma vector: the 5 variables measuring climate, the 10 measuring distance to nearest amenities, and the 8 measuring land use capability, soil characteristics, and slope all defined in section 3.4, and whether the MB is on the coast, the percentage of land owned by DoC, the percentage of land owned by Māori, the percentage of land classified as a town in the NZLRI, whether the MB has any irrigated arable land according to QVNZ data, the cadastral location of the MB centroid, the population density in either The second specification in Table 7 The fourth specification in Table 7 values. However, the inclusion of these variables has almost no impact on the signs and magnitudes of most coefficients, suggesting that endogeneity bias may not be an important concern. Interestingly, only large increases in population density are related to changes in land values, with the one-fifth of MBs with the largest increase in population density having a 6-10% greater increase in land values than other MBs. Again, the coefficients on the land use variables themselves are discussed in the next section of the paper.
The seventh specification in Table 7 Table 6 ). Thus, changes over time in this measure solely reflect changes in land use (i.e. an increase indicates a MB has shifted to higher value land use and vice versa). MB characteristics explain only 2% in the variation in changes in land use, with few significant variables. MBs with high levels of sunshine and greater population density are least likely to change to higher value land uses, while those with DoC-and Māori-owned land are most likely to change to higher value land uses. However, these results may just reflect the initial land use in a particular area, since it is difficult for a MB with mainly high value land in 1989-1991 to change to higher value uses.
To control for this possibility, the final specification adds additional control variables for land use in 1989-1991 to the model estimated in the seventh specification.
Unsurprisingly, initial land use explains a large amount (27%) of the variation in changes in land use. No longer do we find any relationship between sunshine or land ownership and changes in land use, and we now find that population density is positively related to changes to higher value land uses. This confirms that the findings in the seventh specification arise because MBs with high levels of sunshine and greater population densities initially have mainly high value land uses, making it difficult for land use values to increase in these MBs (and vice versa for those with DoC-and Māori-owned land). Now, the variables measuring distance to amenities and population density also explain a significant amount of the variation in changes in land use. MBs closer to airports, beaches, ports, schools, and ski areas are more likely to change to higher value land uses than other MBs. MBs increasing the most in population density are also more likely to change to higher value uses. 0.062** 0.108*** (0.031) (0.019) Note: Coefficients followed by a * are significantly different from zero at the 10% level, ** at the 5% level and *** stars at 1% level. Standard errors are in parentheses. All regressions control for the actual valuation year for each meshblock (MB) and include an area unit random effect to allow for spatial correlation in values. Specifications (3), (5), (6), and (8) include additional controls for the percentage of land in each land type in that year (or the beginning of the sample period for the change regression) and specification (6) also includes controls for the change in the percentage of land in each land type between the sample years. Included in each regressions are 8,436 rural MBs without missing covariates from 825 area units. 
Relationship between Land Use and Changing Land Values
